The Collared Crescentchest (Melanopareia torquata) is a small insectivore endemic to the Cerrado. We examine the habitat use of this bird in a preserved Cerrado area in southeastern Brazil. Despite its occurrence in grassland with shrubs, the species used these areas less frequently than expected. The Collared Crescentchest mainly used areas of campo cerrado, but it was not recorded in a disturbed one. The common occurrence of exotic grass (U. decumbens) and cattle grazing may have brought about factors for its occurrence. However, the preference for native grasses may indicate an adverse indirect relationship against its occurence as there is competition between native and exotic grasses in the Cerrado. The presence of the Collared Crescentchest included the highest density of tall shrubs (>1 m) and native grasses. Conservation of the species should involve preserved areas of campo cerrado with a dominance of native grasses and tall shrubs.
Introduction
The Cerrado is biome rich in bird species, accounting for about 50% of the total number of bird species in Brazil (856 species). It is the second largest of Brazil's major biomes (Ab'Saber, 1977) and the most threatened savannah in the world due to the high rate of deforestation (Klink and Machado, 2005) . A recent survey showed that 55% of the Cerrado biome has already been cleared or transformed for human use and only 2.2% is protected in conservation units (Machado et al., 2004) .
The Collared Crescentchest (Melanopareia torquata; Melanopareiidae) (body mass 13.5 (males) and 15.6 (females) Kanegae et al., 2010a ) is a small insectivorous endemic of the Cerrado (Silva and Bates, 2002) . It is a cryptic species moving mainly on the ground, among clumps of grasses and shrubs, thus hindering visual detection (pers. obs.). The species is uncommon in open areas, as in grasslands (Ridgely and Tudor, 1994) , or more closed ones, as in cerrado sensu stricto (Tubelis and Cavalcanti, 2000) . In disturbed areas, it is more frequent in areas of campo cerrado with exotic grasses, occasionally occurring in disturbed areas such as pastures with shrubs (Tubelis and Cavalcanti, 2000) .
In the state of São Paulo, the Collared Crescentchest is considered threatened and has been recorded in only two isolated reserves, the EEI (Estação Ecológica de Itirapina) and the Estação Ecológica de Águas de Santa Bárbara (SEMA, 2009) . Current studies in EEI show that the population of the species is small from 43 to 76 individuals (Kanegae, 2011) and is probably reducing (Willis, 2004) . The major threats for these species in EEI are high frequency of fire (every two years), expansion of exotic grasses and invasion by exotic animals. The species is thought to have low dispersal ability and to be vulnerable to the process of fragmentation (Krabbe and Schulenberg, 2003) .
We studied habitat use by one endemic bird of the Cerrado in the EEI. The Collared Crescentchest was chosen because it is easy to detect acoustically and is reducing in this region (Willis, 2004) . Our objectives were to evaluate two scales of habitat use: macrohabitat (landscape) and microhabitat (local foraging and use of perch).
Material and Methods
Study Area -The natural vegetation of the Cerrado in the State of São Paulo originally covered 14% of the state (SEMA, 1997). Currently, it represents only 0.81% and occurs in small isolated fragments (Durigan et al., 2007) . This study was conducted in the Cerrado of Estação Ecológica de Itirapina (EEI), in the cities of Itirapina and Brotas (22° 15' S and 47° 49' W) including an area of 2,720 ha (Figure 1 ). The EEI supports high bird diversity with 231 bird species (Motta-Junior et al., 2008) .
The Cerrado Region is characterized by the presence of dry winters and rainy summers and has a complex of habitat types ranging from forests (cerradão) to grasslands (campo sujo and campo limpo). Between these extremes are the intermediate ones, such as cerrado sensu stricto and campo cerrado (Oliveira and Ratter, 2002, Eiten, 1972) .
We considered the open grasslands campo limpo and campo sujo together in the macrohabitat analysis because they have a similar structure, without trees, and it was not possible to distinguish them in the image generated. More detailed descriptions of Cerrado phytofisiognomies are in Eiten (1972 Eiten ( , 1993 and Oliveira & Ratter (2002) .
The altitude of the study area varies between 705 and 750 m (SEMA, 1997). The climate is humid subtropical with a marked dry season in winter (Köppen, 1948) . The mean monthly precipitation in 2006 was 109.9 mm, with a dry season between April and September ranging from 7 to 79 mm monthly, the rainy season, between October and March, had 119-228 mm monthly. Mean monthly temperatures ranged from 16.2 °C to 20.1 °C in the dry season and from 19.5 °C to 22.3 °C in the wet season (Gianotti, 1988) .
The EEI's Cerrado is one of the priority areas for bird conservation in Brazil (Bencke et al., 2006) , due to its richness and high number of threatened species. A recent survey in the EEI reported 231 bird species, of which 38 (16.4%) are on the list of threatened species in the State of São Paulo and/or endemic in the Cerrado (Motta-Junior et al., 2008) . The scientific nomenclature we used was proposed by Comitê Brasileiro de Registros Ornitológicos (CBRO, 2011).
There is cattle ranching, housing (a condominium) and Pinus spp. and Eucalyptus spp. plantations as land uses surrounding the reserve. The main threats to the EEI are the expansion of African grasses, Urochloa decumbens and Melinis minutiflora, and exotic trees, including Pinus and Eucalyptus spp. Other disturbance factors are hunters and exotic animals such as cattle, pigs and goats (MottaJunior et al., 2008) .
Field procedures -We considered two scales to assess habitat use: macrohabitat (landscape) and microhabitat (use of perches, foraging sites) (Hutto, 1985; Block and Brennan, 1993) . The first scale is related to landscape features, such as the different types of habitat (phytofisiognomies) in the Cerrado. The second scale, microhabitat, is related to vegetation characteristics used during vocalization and foraging.
Macrohabitat use -We distributed 134 point samplings arranged in grids of 300 m apart. Each point was sampled during 10 minutes, when the observer was stationary. From September to December 2006, each point transect was sampled three times, twice in the morning (05:00-09:00 hours) and once in the afternoon (16:00-18:00 hours). Habitat use was obtained by acoustic and visual detection of the bird at the sampling points.
We evaluated six habitat types: cerradão, cerrado sensu stricto, campo cerrado, grasslands, seasonal wetlands and disturbed areas (Table 1 ). The Collared Crescentchests were recorded during their activities related to vocalization, as territory defense and sexual selection.
The types and percentages of each habitat were obtained by analyzing the Normalized Difference Vegetation Index, based on satellite image of CBERS 2, 17 July 2006, provided by the Instituto de Pesquisas Espaciais (INPE). The spectral signature of each habitat followed Mesquita Junior (1998).
Analysing Macrohabitat use was based on information of use-availability (Garshelis, 2000) . The availability of each habitat type and their use was calculated according to Neu et al. (1974) and Canavelli et al. (2003) . To determine the possibility of a differential habitat use, we considered the proportions of each habitat type with the confidence interval of Bailey (Canavelli et al., 2003) .
Microhabitat use -Radio transmitter monitoring occurred during the breeding season of the species studied, October and November 2007 (Kanegae et al., 2010b) . We used 12 radio transmitters, with 3.3% of the bird weight each one (model LB-2, Holohil Systems Ltd); some of them were used twice. The records occurred only on the ground, when the bird was associated to foraging and reproduction activities. The equipment used in monitoring was a LA 12-Q AVMA receiver and a Yagi antenna of three elements. Details about the radio tracking are described in the chapter on home range size, Kanegae (2009) . Birds were captured from 06:00 to 12:00 hours, and from 16:00 to 18:00, between October and November. Bird captures were, at times, stimulated by playback and occurred using a 12 × 2 m mist-net with a nest net of 16 mm. Radio transmitters weighed 0.52 g (3.3% of the bird's weight) and were attached with a ribbon (0.1 g) using backpack style (Kenward, 2001; Millspaugh and Marzluff, 2001 ). Males and females were identified genetically by taking blood samples (0.1 mL) from the jugular vein from the Laboratório de genética e evolução de aves in the Universidade de São Paulo, according to Griffiths et al. (1998) .
Radio-transmitter monitoring occurred at intervals time of 5 hours, during early and late morning, and late afternoon. Triangulation is not used because this technique is subject to locational errors: operator error during animal movement, electromagnetic interference, distance from the receiver, and effects of different types of vegetation and mapping records (White and Garrott, 1990; Withey et al., 2001; Kauhala and Tiilikainen, 2002) . These errors may be unacceptable when the goal is to investigate habitat selection (White and Garrott, 1990) .
Species location was recorded as the observer approached the monitored individual. This method was possible to use due to the species territorialism. We considered only those records in which birds were visually detected or their movement among grasses was identified by hearing them.
We delimited a circle of 5 m radius from the first sighting of a perched bird. We measured the height of the bird on the perch, the total height of the perch, the roost type (tree, shrub or grass), and presence of foliage. The microhabitat variables were (0: 0-20, 1: 21-40, 2: 41-60, 3: 61-80 and 4: 81-100) percentages of exotic and native grasses, percentage exposed soil density and height of shrubs and trees, density of palms (Syagrus petrea and Attalea geraensis) and heterogeneity of vegetation (Wiens, 1969) . Collared Crescentchests use armadillo and rat burrows (Kanegae and Reis, 2011) ; these variables were counted and included in the analysis for this species. We considered trees and shrubs as woody plants with a stem diameter at ground level ≥3 cm and <3 cm, respectively. The microhabitat data were standardized into categories ranging from 0 to 5.
Vegetation heterogeneity was obtained using a graduated stick of 1 m tall subdivided into intervals of 10 cm (Bibby et al., 2000) . Two strings of 10 m long were used from the centre of the circle to form a perpendicular angle (Wiens, 1974) . Three variables of vegetation structure were obtained at the string tips: Het -index of heterogeneity (Wiens, 1969) , MaxHeight -range with the maximum vegetation height, and Contact -mean number of vegetation contacts on the stick.
We generated logistic regression models to explain the presence of the species through variables of microhabitat (independent variables). We used a combination of two independent variables due to the limitation in sample size. The best fitted model was obtained by the likelihood with binomial distribution package using Generalized Linear Models (GLM) in R 2.7.1 (R Foundation for Statistical Computing 2008). Model selection was done using Akaike's Information Criterion (AIC, Burnham and Anderson, 2002 ) with a correction for small samples (AICc) following Hurvich and Tsai (1989) . We sorted the best models and evaluated their performance using the AIC weight (wi) and evidence (Burnham and Anderson, 2002) . All combinations were analyzed using the Spearman correlation to avoid problems related to multicolinearity. Independent variables with correlation >60% were not included in the same model (Zar, 1999) .
Results
Macrohabitat use-Collared Crescentchests used campo cerrado habitat (Table 2 ). Grassland and wetland areas were used less frequently than expected by chance. The species was not recorded in closed habitats, such as cerrado sensu stricto, cerradão or altered habitat. Species absence also was documented at 20 sampling points in an altered area of USP currently joined to EEI, even using playback.
Microhabitat use -We monitored 20 males of Collared Crescentchests and obtained 1 or 2 visual point records per individual (total of 31 records). The best model selected by the AICc (47.62) to explain bird presence included the highest density of tall (>1 m) shrubs and native grasses (wAIC = 0.568; Evidence = 1.0)
We obtained 31 radio-locations of Collared Crescentchest moving on the ground, among clumps of grasses, shrubs, and trees. Ten records of the species singing on perches were obtained. Perches used were trees (mean ± SD) (eight records, bird height 2.15 m ± 1.64 m ; tree height 4.26 m ± 2.29 m), and shrubs (two records, bird height 1.05 m ± 0.9 m; shrub height 1.5 m ± 1.4 m).
Discussion
Macrohabitat use -The Collared Crescentchest only selected areas of campo cerrado. It commonly occurs in grasslands, specifically those with shrubs, but the species used these areas less frequently than expected. Tubelis and Cavalcanti (2000) evaluated the species abundance in central Brazil and had no records in grassland areas, although the species were observed sporadically in shrubby pastures. Moreover, in the same region, the species were more abundant in cerrado sensu stricto and partially disturbed Cerrado (structure similar to campo cerrado). The species were not detected in the cerrado sensu stricto in the present study, an area less representative in the EEI. These variances among regions can be related to differences between other factors such as availability of other habitats, food and density of competitors or predators. Despite dominance of a disturbed campo cerrado, the Collared Crescentchest was not recorded in USP, an area attached to EEI, even using playback at each sampling point. This indicates the species does not occur in the area, or at least, is very rare. The species move mainly on the ground between clumps of grasses, and the scarcity of these bushes may result in the disappearance of shelters and places for nesting, also affecting the prey availability (insects in the understory). The common occurrence of exotic grass (U. decumbens), and cattle grazing, may have been aggravating factors. Despite the Collared Crescentchest preference for campo cerrado, the species appears to be sensitive to the scarcity of these clumps in the USP area.
Microhabitat use -Collared Crescentchest selected microhabitats characterized by high density of tall (>1 m) shrubs and native grasses, variables that occur in campo cerrado and campo sujo. Both variables are related to several aspects of the species life history. Tall shrubs are used as perches from which they vocalize for territory defense or sexual selection. Foraging movements (searching for insects) and reproduction occur primarily in the understory, under clumps of grass, palms, and bushes.
These vegetation characteristics can be altered by intense grazing and trampling on by larger herbivores, negatively affecting the Collared Crescentchest occurrence. The presence of cattle in the Cerrado may also change species richness and vegetation structures as consumption can affect leaves, flowers, and seeds of 83 species of plants, belonging to 33 families (Macedo et al., 1978) .
Exotic grasses did not inhibit the presence of Collared Crescentchest. However, the preference for native grasses may indicate an adverse indirect relationship as there is competition between grass types in Cerrado (Klink, 1996; Pivello et al., 1999) . Tubelis and Cavalcanti (2000) show that the Collared Crescentchest occurs in some altered areas dominated by exotic grasses. This disturbed area is isolated from a preserved area by a road, which could make it difficult for the bird to select high quality habitats. The species may have a low capacity to cross roads due to small wing length and main movement on the ground (MFK pers. obs).
Implications for Management -The Cerrado areas that are intensely farmed may negatively affect the occurrence of the Collared Crescentchest. The species may serve as a bioindicator in that areas of campo cerrado and campo sujo are recovering from intensive grazing and trampling. We suggest that control or removal of exotic grasses and large domestic herbivores would benefit the species distribution.
Collared Crescentchest can occur in areas where both African and native grasses occur, but our study found use of areas with native grasses. The species was regularly recorded in areas of campo cerrado, campo sujo and cerrado sensu sricto and eucalyptus with understory vegetation between 1985 and 1996 at the reserve of the Universidade Federal de São Carlos -UFSCar, located 25 km North of EEI (Motta-Junior and Vasconcellos, 1996) . There was a decrease of about 30% of the Cerrado in 1994 due to eucalyptus plantations, reducing the area to 21 ha. The species disappeared after that reduction (M. M. Dias Filho and M. R. Francisco, pers. comm.). Small and isolated fragments associated with the dominance of exotic grasses possibly negatively affect bird occurrence. Studies in fragmented areas dominated by African grasses indicated the species' absence and sensitivity to these factors (Motta-Junior and Belentani, 2003; Motta-Junior and Granzinolli, 2004; Motta-Junior et al., 2006) . However, these observations need confirmation by studies using a replication of a geographical scale.
